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In this article, we examine the existence of regions and borders in Belgium by means 
of an original data set of more than 200 million mobile communications and a mathe-
matical method which allows networks to be divided into coherent groups in a natural 
and automatic manner. A geography of mobile communications is thus proposed 
based on the relative frequency of communications as well as their average duration. 
In the case of the relative frequency of communications, we obtain a map of Belgium 
composed of 17 groups or ‘telephone areas’ that each contain only adjacent munici-
palities. On this first map, the area of Brussels is the only one which runs across the 
linguistic border and covers the three institutional regions of the country. In the case of 
the average duration of communications, we obtain a group in the north and a group 
in the south of the country. These two groups concentrate within themselves almost 
98% of telephone calls; only 2% of communications are from one group to the other. 
The group in the south includes the 19 municipalities of Brussels, all of the municipali-
ties in the Walloon region as well as eight municipalities with facilities located in the 
Flemish region. In particular, all of the municipalities with facilities in the outskirts of 
Brussels (with the exception of Wemmel) are part of the group in the south of the 
country.
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1. Introduction
Origin-destination matrices have fascinated regional science researchers for many 
decades and have been the object of abundant academic literature studying the 
impact of distance on the intensity of flow between origin and destination (see for 
example Carrothers, 1956; Taylor, 1983; Haynes and Fotheringham, 1988; Sen and 
Smith, 1995; Pumain and Saint-Julien, 2001; Roy, 2004 and Prager and Thisse, 
2010). Telephone communications constitute an example of interrelations for which 
gravitational models are often used (see for example Rietveld and Janssen, 1990, 
Rossera, 1990 and Palm, 2002). The latter show the significance of language and 
distance in fixed telephone communications. Our work is in keeping with this, but 
concerns mobile telephony in Belgium and takes into account the structure of the 
communication network. 
In Belgium, commutes to school or to work, migrations and telephone communica-
tions are examples of databases of spatial interrelations which have led to many 
spatial analyses, and even to proposals for the definition of borders. It is, however, 
often difficult to compare these borders, as their definitions vary according to the 
objective, the scale and the criteria used. Let us mention for example the urban 
areas proposed by Van Hecke et al., 2007, the labour pools (de Wasseige et al., 
2000; Lockhart and Vandermotten, 2009; Verhetsel et al., 2009), the educational 
areas (Halleux et al., 2007) and the market areas (Mérenne-Schoumacker, 2010). 
Other studies examine the “thickness”” of the linguistic border (see for example 
Klaassen et al., 1972 and Dujardin, 2001). In most cases, the definition of areas is 
based on the identification of a centre within a space and on the notion of accessi-
bility to this centre. 
The present article is aimed at proposing a spatial structure of Belgium based on the 
flow of mobile telephone traffic, with no geographical presupposition of distance or 
centrality. The municipalities are grouped here using a statistical method adapted to 
large network databases (Newman, 2006; Blondel et al., 2008). The results obtained 
have been mapped and allow us to consider questions such as: do people tele-
phone those who are close more than those who are far away? Are there border 
effects within Belgium and what are they? We shall also examine whether telephone 
habits divide the Belgian territory in an original manner or whether the groups ob-
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tained are modelled on urban hierarchy, on job location or on administrative realities 
(provinces, districts, etc). 
The rest of the paper is organised as follows: in Section 2 we briefly describe the 
data and the method used to identify the groups of municipalities, and then we de-
scribe and discuss the results obtained in Section 3 before concluding with a final 
section. 
2. The data and the automatic detection method for groups of 
municipalities
The database used contains information related to mobile telephone communica-
tions of all of the customers of a provider. The database contains 2.6 million cus-
tomers whose billing municipalities are known (and not their address), as well as the 
number and duration of calls made and received. In order to preserve their anonym-
ity, each customer is identified by an anonymous code. The database contains more 
than 200 million communications over a period of six months (between 1 October 
2006 and 31 March 2007).
For our analysis, we considered only the mobile communications between the pro-
vider’s customers; in particular, communications to landlines, international commu-
nications and communications to other providers were not considered. SMS text 
messages, MMS and other ‘data’ communications were also left out in order to 
focus only on voice communications. Finally, only reciprocal communications (at 
least one call in either direction) of a significant importance (at least six calls in six 
months) were considered. Through these choices, we attempt to obtain a represen-
tation of an interpersonal network as much as possible. Unfortunately, it was not 
possible to distinguish the private calls from the professional calls, which would have 
enabled us to refine the results. 
Each customer is identified (geocoded) according to his or her billing municipality. 
Given the nature of mobile telephony, it is useful to specify that we did not consider 
the location of customers at the time of the call. We did not conduct an analysis of 
the physical mobility of customers: only the billing municipality is used to geocode a 
customer. We therefore obtain a network in which the information concerning the 
link between municipality A and municipality B is provided by all of the communica-
tions made by the customers located in A to the customers located in B.
The relative frequency of the A B link is defined as the number of communications 
made by the A customers to the B customers, divided by the product of the number 
of customers located in A and of the number customers located in B. This division 
relativizes the actual figures and provides a measure that allows us to compare fre-
quencies between pairs of municipalities even if the pairs of municipalities have dif-
ferent sizes and if the market shares of the provider in the municipalities are differ-
ent. 
In addition to the (relative) frequency, we also consider the average duration of 
communications as it informs us of another aspect of the nature of telephone rela-
tions. The average duration of the A B link is given by the average duration of com-
munications made by the A customers to the B customers. As there are 589 mu-
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nicipalities in Belgium, we therefore have two 589 × 589 matrices: one with the fre-
quency of calls and the other with the average duration of communications.
As an illustration, Figure 1 represents the mapping of the frequency of communica-
tions from the municipalities of Arlon (a) and Ostend (b) to all of the Belgian munici-
palities. We observe that the frequency of communications decreases significantly 
with distance, thus confirming well-known 
properties of telephone communications, 
and even of most social interactions (see 
among others Verhetsel et al. 2009 for simi-
lar maps based on commutes using other 
methods). At a time when telephone com-
munication rates within Belgium no longer 
depend on distance and when many eco-
nomic activities appear to be less depend-
ent on the cost of transport, people still 
telephone most often those who are geo-
graphically close and whom they probably 
see often. 
Based on the two networks described 
above (frequency, average duration), in 
what follows we identify groups of munici-
palities in an automatic manner. Our goal is 
to see if there are groups of municipalities 
whose frequency of communications is 
higher or whose average duration of com-
munications is longer. The automatic identi-
fication of groups in networks is a subject 
which has led to many mathematical and 
algorithmic works in recent years (see for 
example Fortunato, 2010 for a review). The 
most widely used measurement to quantify 
the quality of the division of a network into 
groups is the notion of ‘modularity’, intro-
duced by Newman (2006). The modularity 
of a division into groups compares the den-
sity of links between the members of a 
group with that obtained in a random group 
with the same overall characteristics. A 
high level of modularity indicates that the 
density of links within groups is significantly 
higher than what may be expected in a 
random division with equivalent character-
istics. This measurement does not fix a 
particular size for the groups, nor does it fix 
the number of groups. 
The search for a division of a network 
which maximises modularity is a difficult 
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Figure 1: Frequency of communications from the municipalities of Arlon 
(blue) and Ostend (red).
problem for which several algorithmic methods have been proposed in recent years. 
A brief description of the method used in this article which is known as the ‘Louvain 
method’ is given below. We invite readers who are not interested in this more tech-
nical description to go directly to Section 3, bearing in mind that: 
the grouping of municipalities is done with no measurement of centrality or accessi-
bility: only the frequency or the average duration of links between the 589 munici-
palities are used;
the number of groups and the composition of groups are endogenous: the method 
provides the optimal number of groups and their composition automatically, with no 
outside intervention;
the method is well defined mathematically: it attempts to optimise the modularity of 
the division obtained. Furthermore, the method has been used successfully in many 
contexts (see Lancichinetti, 2009), and is available in several softwares for the 
automatic processing of networks, such as the igraph library 
(http://igraph.sourceforge.net/) or NetworkX (http://networkx.lanl.gov/). 
Let us now briefly describe the method; for a more detailed description, we refer the 
interested reader to Blondel et al. (2008) and Aynaud et al. (2010). The method uses 
a greedy algorithm to group the network nodes (in this case, the municipalities) in 
successive stages and builds a hierarchy of networks. At the lowest level of the hi-
erarchy, all of the nodes first form distinct groups. Then, at each iteration, the 
method selects a node from a group and adds it to the group which maximises the 
contribution resulting from modularity if this contribution is positive. When any modi-
fication of the joining of a node reduces the modularity, a new network is built whose 
nodes are the groups from the network one level lower and the process is repeated 
in this new network.
Note that the results of the method depend on the order in which the nodes are 
covered. In order to verify the robustness of the method with respect to this order, 
we carried out 100 random permutations of the order of data and then compared 
the groups obtained. When the criterion used is the frequency of communications, 
we observe that, on average, 91% of municipalities remain in the same groups. Fur-
thermore, these variations always correspond to modifications of bordering munici-
palities which go from one group to an adjacent group. When the criterion used is 
the average duration of communications, we do not observe any variation in the 
groups obtained. Furthermore, in the latter case, we verify that all transfers of a mu-
nicipality from one group to another group reduces modularity. These observations 
appear to be additional proof of the stability and robustness of the two groups ob-
tained in the case of the average duration of communications. 
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3. Results: division of the Belgian telephone territory
3.1 Division based on the frequency of calls
Figure 2 illustrates the groups obtained based on the frequency of telephone com-
munications between municipalities. The colours are of no particular significance 
and are simply intended to facilitate the reading of the map. 
Our main comments may be summarised in four points:
(1) Without having fixed the number of groups or their size, the optimal groups ob-
tained are spatially balanced: 17 ‘telephone areas’ composed of 15 to 66 munici-
palities appear ‘naturally’. This result is different from the division in labour pools (47 
pools defined by de Wasseige et al., 2000) and, without being identical, resembles 
the urban hierarchy of Van Hecke et al. (2007). To this effect, we have indicated on 
the map in Figure 2 the regional cities and the major cities as defined in Van Hecke 
et al. (2007). Note that certain telephone areas encompass two cities (for example, 
the Belgian coast forms a telephone area in itself and groups the cities of Ostend 
and Bruges; other examples: Hasselt and Genk or Mechelen and Leuven), whilst 
other telephone areas do not correspond to a ‘regional city’ as defined by Van 
Hecke et al. (2007) (for example Aalst to the west of Brussels is a telephone area, 
whereas Aalst is not considered as a ‘regional city’; the same is true for the province 
of Luxembourg). 
(2) Surprisingly, the groups of municipalities 
are always made up of adjacent municipali-
ties. As the grouping method does not im-
pose constraints regarding proximity or 
contiguity of municipalities in groups, the 
results could have revealed groups com-
posed of separate parts, but this is not the 
case for the groups obtained. 
(3) The linguistic border is followed by the 
limits of the ‘telephone areas’, with the ex-
ception of the area of Brussels (in red on 
the map) and the municipalities with facili-
ties Espierre-Helchin, Comines-Warneton, 
Herstappe and Fourons. Language there-
fore seems to be a strong barrier in terms 
of telephone communications: this confirms 
the former results of Klaassen et al. (1972), 
Rossera (1990) and Rietveld and Janssen 
(1990). However, it should be noted that 
the barrier around the German-speaking 
region is less clearly marked.
(4) The biggest area obtained (66 munici-
palities) corresponds – not surprisingly – to 
the biggest city: Brussels. Figure 3 presents  
a zoom-in of Figure 2 centred on Brussels. 
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Figure 2: ‘Telephone areas’ defined based on the frequency of communica-
tions between municipalities. We also indicate (1) = regional city (2) major 
city (definitions from Van Hecke et al., 2007) and (3): provincial borders.
The borders of the urban area of Brussels have been the object of many political 
and academic debates for many years (see for example the review of the academic 
question by Dujardin et al., 2007). The borders obtained for the urban area often 
depend on the criteria used, and there is no consensus in terms of methodology. 
One thing is certain, however: Brussels, like many other cities in the world, extends 
beyond its administrative borders, and the Brussels ‘telephone area’ illustrates this 
reality once again. The area covers not only the 19 municipalities of the Brussels-
Capital Region but also the directly adjacent municipalities regardless of the geo-
graphical direction, with however a stronger spatial extension towards Walloon Bra-
bant, which it encompasses entirely with the exception of Nivelles and two munici-
palities to the far east (Hélécine and Orp-Jauche). This extension towards the south 
is associated with the history of the suburbanisation of Brussels coupled with a lin-
guistic and socioeconomic reality (see among others Thisse and Thomas, 2010). 
The Brussels mobile telephone area encompasses municipalities such as Halle, 
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Figure 3: ‘Mobile telephone area’ of Brussels (zoom-in of Figure 2). Complete list of municipalities in Annexe 1.
Vilvoorde, Zaventem, Tervuren, Braine-l’Alleud, Ottignies-Louvain-la-Neuve, Wavre, 
Perwez and Jodoigne. However, Leuven is not included and is part of another tele-
phone area with Mechelen (see Figure 2). The Brussels telephone area resembles its 
urban area: it covers a much bigger area than the 19 municipalities of the Brussels-
Capital Region, all around the capital with a stronger spatial extension towards the 
south.
3.2 Division based on the average duration of communications
The municipalities are grouped here using the same method, according to the aver-
age duration of communications. The results are illustrated in Figures 4 (national 
scale) and 5 (a zoom-in on Brussels) and lead to two main commentaries:
(1) the method leads naturally to the constitution of two groups: one to the north 
and the other to the south of the country (Figure 4). Among the more than 200 mil-
lion communications analysed, only 1.05% are from the group in the north to the 
group in the south, and 1.04% are from the group in the south to the group in the 
north. In other words, almost 98% of telephone communications take place be-
tween customers within the same group. Let us note that the municipalities in the 
German-speaking 
community do not 
form a separate 
group, but are part 
of the group in the 
south of the country.
(2) Figure 4 shows 
that the north-south 
division follows the 
linguistic border with 
a few exceptions. 
Not surprisingly, 
these exceptions are 
all municipalities 
with facilities. With 
the exception of 
Wemmel, the mu-
nicipalities with facili-
ties in the outskirts 
of Brussels (Dro-
genbos, Kraainem, 
Linkebeek, Rhode-
Saint-Genèse, 
Wezembeek-
Oppem) are all 
grouped with the 
municipalities in the 
south of the country 
(see Figure 5 for a 
zoom-in). Three 
other municipalities 
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Figure 4: ‘Mobile telephone areas’ defined based on the average duration of communications.
with facilities in the 
Flemish region lo-
cated outside the 
influence of Brussels 
are also part of the 
group in the south 
of the country: 
Espierres-Helchin, 
Fourons and Her-
stappe. Finally, all of 
the other municipali-
ties with facilities are 
associated with the 
group of their lin-
guistic region: 
Comines-Warneton, 
Enghien, Flobecq 
and Mouscron 
(group in the south), 
and Messines, 
Biévènes and 
Renaix (group in the 
north).
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Figure 5: Grouping of municipalities based on the average duration of communications. Zoom-in on 
the Brussels-Capital Region, where 1 = Rhode-Saint-Genèse, 2 = Linkebeek, 3 = Drogenbos, 4 = 
Kraainem and 5 = Wezembeek-Oppem.
4. Conclusion 
Based on an analysis of more than 200 million telephone communications between 
more than two million mobile telephone users, the 589 Belgian municipalities are 
divided into groups of municipalities, or ‘telephone areas’. Two analyses were con-
ducted: one based on the relative frequency of communications and the other 
based on their average duration. 
The groups were obtained using a network analysis method which is widely used in 
the research community on large networks. The method does not consider the 
geographical distance between the municipalities or their belonging to a community 
or a region. Nor does it consider the language used for invoicing; only the frequency 
and the average duration of communications are used. The number of groups and 
the composition of these groups are provided by the method itself, with no outside 
intervention. In both cases, we see that all of the groups are composed of adjacent 
municipalities despite the absence of constraints regarding contiguity.
In the case of the relative frequency of calls, 17 groups appear and resemble the 
division into urban areas whilst respecting the linguistic border on the whole.
In the case of the average duration of calls, only two major groups appear: one in 
the north and the other in the south. These two groups concentrate within them-
selves almost 98% of telephone calls; only 2% of the calls connect municipalities 
from different groups. The communications therefore appear to be strongly influ-
enced by geographical and psychological proximity (including linguistic and cultural 
dimensions), thus confirming the spatial studies by Klaassen et al. 1972, Rossera, 
1990 and Rietveld and Janssen, 1990, and even the general discussions regarding 
the evolution of communications by Bakis (1995). 
In this article we present two maps of telephone areas. These maps are only in-
tended to help us consider our ways of perceiving the Belgian territory, and in par-
ticular the Brussels territory. They also shed light on our social and cultural differ-
ences which lead to other uses of the territory than our socioeconomic differences 
(see for example Thisse and Thomas, 2010). The differences between these maps 
remind us that any division of space depends greatly on the criteria used; the aver-
age duration and relative frequency of communications lead to different divisions of 
space. The borders highlighted in this article reveal important elements of our ‘living 
areas’ and social practices, which may be considered in the administrative and 
geopolitical organisation of Belgium. 
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Annex 1: List of municipalities which belong to the ‘mobile 
telephone area’ of Brussels
Anderlecht Linkebeek
Asse Machelen
Auderghem Meise
Beauvechain Merchtem
Beersel Molenbeek-St-Jean
Berchem-Ste-Agathe Mont-St-Guibert
Braine-L’Alleud Ottignies-LLN
Braine-Le-Château Overijse
Bruxelles Pepingen
Chastre Perwez
Chaumont-Gistoux Ramillies
Court-Saint-Etienne Rebecq
Dilbeek Rixensart
Drogenbos Saint-Gilles
Etterbeek Saint-Josse
Evere Schaerbeek
Forest Sint-Genesius-Rode
Ganshoren Sint-Pieters-Leeuw
Genappe Steenokkerzeel
Grez-Doiceau Tervuren
Grimbergen Tubize
Halle Uccle
Hoeilaart Villers-La-Ville
Incourt Vilvoorde
Ittre Walhain
Ixelles Waterloo
Jette Watermael-Boitsfort
Jodoigne Wavre
Koekelberg Wemmel
Kraainem Wezembeek-Oppem
La Hulpe Woluwe-St-Lambert
Lasne Woluwe-St-Pierre
Lennik Zaventem
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